I describe, a sensitive, specific, automated method for determinationof mercury in urine by the "flameless atomic absorption" technique. One can analyze 20 samples per hor, with less than 0.5-mi samples of urine. The detection limit is 0.01 pniol/liter (2 tg/lfter) and the mean coefficient of variation 12%. The procedure is being used to monitor mercury excretion by workers exposed to mercury.
Probably the most commonly used procedure has been that of Hatch and Ott (2) or variations of it, i.e., digestion followed by atomic absorption spectroscopy of mercury vapor. Such methods require considerable care to ensure that mercury vapor is not lost during the aspiration of mercury through the atomic absorption cell. Other variations to avoid this loss and to eliminate interference have been the use of copper (3) or silver (4) for amalgamation (and subsequent removal of mercury vapor by heating in the atomic absorption cell) and extraction with dithizone in methylisobutylketone before application to a tantalum-boat atomic absorption procedure (5) . However, the simplest method to ensure no mercury vapor is lost is to use the closed system of an automated procedure, especially when many samples are to be assayed.
Bailey and Lo' proposed the use of a Varian Tectron autosampler with a Technicon Pump II for the automated determination of mercury. They used a cold digestion with concentrated sulfuric acid and permanganate. Goulden and Afghan (6) and Kluckner2 used double mixing coils in a Technicon heating bath for digestion with concentrated sulfuric acid and permanganate, followed by reduction and aspiration through a gas/liquid separator to the atomic absorption flow cell. However, these methods were designed for water analysis, and the digestion procedure is not satisfactory for determination of mercury in urine. Andr#{233}n3 used the dithizone method after digestion with sulfuric acid and permanganate for water analysis and suggested that concentrations in urine could be measured by slightly changing digestion conditions but stated that complete digestion was not possible. The method I describe here is based on the "flameless atomic absorption" technique, and requires less than 0.5 ml of sample. The digestion procedure is very efficient and the detection limit is 10 nmol/liter (2 pg/liter). It is being used to monitor urinary mercury of workers in hazard areas where excretion rates as high as 1.5 mol/24 h (300 g) have been found and where rates of less than 25 nmol/24 h (5 gig) are rare.
Materials and Methods

Apparatus
The method requires standard AutoAnalyzer equipment (Technicon Instruments Corp., Tarrytown, N.Y. 10591) with the exception of the gas/liquid separator, atomic absorption spectrophotometer, and recorder. The manifold used is illustrated in Figure 1 . Standard 0.0625-inch transmission tubing was used everywhere except for the concentrated sulfuric acid lines, which were glass after its initial addition to the sample line and polythene tubing elsewhere. The heating bath (set at 100 #{176}C) contained two 12.2-m 1.6 mm i.d. coils. The construction of the gas/liquid separator is shown elsewhere (6) .2 I found that some foaming did occur within the separator, causing rapid wetting of the drying agent. This was simply overcome by inserting a glass rod, 80 mm long and 2.5 mm in diameter, into the center of the separator. The drying tube used was an in-line reagent filter (Evergreen Scientific Co., Los Angeles, Calif. 90058), elongated by cutting and sleeving with plastic tubing, filled with granulated magnesium perchlorate, which needed replacement after two working days of continuous running.
The atomic absorption spectrophotometer used was a Model AA3 (Varian Techtron, Palo Alto, Calif. 94303)
fitted with a scale expansion unit and a Datagraph recorder (Microtek Ltd., Auckland, New Zealand). A mercury lamp (Osram 220 V) was used as the light source, run from a stabilized power supply. The gas flow cell was made from borosilicate glass, 4 mm i.d., 300mm long. The ends were ground square and quartz windows attached with epoxy cement. Gas inlet and outlet ports were attached as close as possible to each end (about 5 mm). The flow cell was placed in the slotted burner and secured by rubber bands. This enabled the cell to be aligned by using the burner controls. The lamp and the flow cell were surrounded by shields so that the only light received by the photomultiplier was that which passed through the flow cell.
The sample was digested with concentrated sulfuric acid, potassium persulfate, and potassium permanganate. Excess permanganate was destroyed with hydroxylamine hydrochloride and mercury (II) compounds were reduced to elemental mercury with stannous chloride. This mercury was removed from the solution with a stream of nitrogen (or air). The absorption of the mercury in the nitrogen stream was measured, on passing it through the flow cell, with wavelength set at 253.7 nm.
Reagents
All reagents were of AR 
Procedure
The wash solution and all reagents other than permanganate were attached to the manifold and purged through the system until flowthrough was complete. Permanganate was then added and a baseline obtained. Unless this procedure was followed, manganese oxides tended to be precipitated in the heating bath coil and block it.
To avoid build-up of maganese oxides in the heating bath coil, run the manifold system without permanganate until there is complete flow through the systems. Add permanganate and obtain a baseline. Then run samples and standards in duplicate.
Set instrumental conditions so as to obtain full-scale deflection of the 1 fimol/liter standard on the recorder (three-to fourfold expansion) with the wavelength set at 253.7 nm and slit at 50 fim; chart speed: 10 mm! mm.
Samples analyzed by this procedure were also assayed by using a local adaption of the Dow analytical method for fish,4 a 10-ml sample of urine being taken for digestion. Calculate the mercury concentrations in the samples from a calibration curve prepared from the standard absorbances and corrected for 24-h sample volume.
Resufts and Discussion
A typical recorder tracing with standard solutions in the range 0.05 to 1 fimol/liter (10-200 ftg/liter) is shown in Figure 2 . The calibration curve drawn from the peak heights is ifiustrated in Figure 3 . These results show that both sample interaction and reproducibility are satisfactory and that there is adequate sensitivity for the urinary mercury concentrations expected. The precision of the method was assessed both within-batch and between-batch. Table 1 summarizes results of replicate analyses of urine supplemented with mercuric chloride and phenylmercuric acetate, and gives a good idea of the within-batch precision. The figures in parentheses are in fig/liter . These results also show that the analytical recovery of mercury-supplemented urine samples (0.5, 0.25 and 0.1 fimol/liter) was 100% within experimental error. The quantitative recoveries obtained from phenylmercuric acetate indicate that digestion was complete for this type of compound. The inclusion of potassium persulfate in the digestion step was necessary for such high recoveries, as has been observed by other workers.2 Table 2 summarizes the results obtained from samples received for urinary mercury determination. Samples 5 and 6 were from workers engaged in the manufacture of mercury switches. All others were from dental workers. These results show that the precision of the method is excellent (mean CV, 12%). In addition, sample 2 was reassayed during one month; there was no loss of mercury in this time and the between-batch precision is illustrated. Although the concentrations of mercury in the samples are not as low as those in water samples, preservation of specimens is stifi very important. Unless samples are collected into 10 ml of concentrated hydrochloric acid in polyethylene containers, variable losses do occur. Although, as previously stated, there was no loss of mercury when samples stood at room temperature for one month, vigorous shaking of the specimen before aliquoting was required, or results were erratic. This presumably was due to the formation of insoluble mercuric sulfides in the acid medium which slowly settle to the bottom of the container.
Results obtained by the manual procedure (Table 2 ) correlate well with those obtained by the automated procedure.
Linear regression analysis performed on these data returned a linear regression of 0.9928, the calculated line being:
where x represents results by the automated method and y those by the manual method.
Because of the concentration of potassium permanganate required for digestion of urine samples, aqueous standards cannot be used for this procedure. Manganese oxides tend to precipitate out in the heating bath coil, and mercury is readily adsorbed onto this precipitate. 
